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ABSTRACT

Correlation is established on stratigraphic evidence in the Cretaceous
lower Austin formation across Dallas County, Texas, using a particular
bentonite bed approximately 8 inches thick. This bed is composed largely
of the clay mineral, montmorillonite, along with subordinate amounts of
illite and quartz. Montmorillonite occurs in adjacent calcareous beds, in
place of illite, the more common clay mineral in the Austin formation.
Therefore, an increase in montmorillonite content should indicate proximity to a bentonite bed. It is suggested that time-rock units may be
established based on bentonite beds or upon intervals of high montmorillonite content in the limestone strata.
INTRODUCTION

The bentonite studied by the writers is the altered equivalent of
volcanic ash deposited in Austin seas. Assuming that the ash fall
was contemporaneous over a large area, the base of a bentonite bed
represents a time-rock unit. The base of these units may be used
as a reference in studying sedimentary conditions existing over a
large area at an instant in geologic time and, of course, the bentonite units are excellent markers for stratigraphic correlation.
According to Ross and Hendricks ( 194 5, p. 6 5), bentonite is a
rock composed essentially of a crystalline clay-like mineral generally formed by the devitrification and accompanying chemical alteration of tuff or volcanic ash. Quoting from Ross and Hendricks
Bentonites are composed mainly of mont(1945, p. 45), " ...
morillonite, beidellite, or the two in varying amounts."
Grim ( 19 53, p. 40) concludes that most of what has been called
beidellite is actually an interlayered mixture of illite and montmorillonite; therefore, the term beidellite should be dropped from
clay-mineral terminology. In referring to the use of the term beidellite by Ross and Hendricks ( 1945), Grim states that their usage is
in agreement with the original definition by Larsen and Wherry
( 192 5). This work, however, was done before X-ray techniques
were generally applied to clay mineralogy. Subsequent work has re1
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vealed that interbyered structures, particularly mixed layers
of illite and montmorillonite
are common in clay materials (Grim,
1953, p. 80).
Following Grim ( 19 53, p. 3 62), the dominant clay component
of
bentonite is montmorillonite. Illite and kaolinite may be present
in many bentonites, sometimes in amounts up to about 50 percent
of the total clay mineral content. According to Gruner ( 1940),
cristobalite may be present in bentonite in amounts up to 3 0
percent of the total rock. Cristobalite occurs in grains less than
one
micron in diameter that are intimately mixed with montmo
rillonite; thus it is very difficult to identify and may have been missed
in many analyses of bentonites.
Montmorillonite was identified in this work by its X-ray diffraction properties. Quoting from Grim ( 19 53, p. 9 3) , ". . . montmorillonite possesses the property of absorbing certain organic molecules between the individual silicate layers with a consequent
shift
in the C dimension depending on the size and configuration of
the
organic molecule .... For example, treatment of a sample of montmorillonite with ethylene glycol provides a sharp ( 001) reflectio
n
at 17kX. Treatment with organic compounds permits the detectio
n
of small amounts of the mineral which would otherwise be missed
in complex mixtures."
The X-ray analysis technique employed in the present work,
which makes use of glycol absorption, is described in a followin
g
section.
An interesting property of montmorillonite that might be used
in analysis is its high cation exchange capacity. Grim ( 19 5
3, p.
129) gives the following exchange capacities in milli-equivalen
ts
per 100 grams at pH 7.
Montmorillonite
Illite
Kaolinite
Chlorite
Vermiculite

80-150
10-40
3-15
10-40
100-150

With the exception of vermiculite, the cation exchange capacity
of montmorillonite is about an order of magnitude higher
than
other common clay minerals. If the presence of vermiculite can
be
excluded on other evidence cation exchange capacity may be
used
to identify montmorillonite in shale or limestone.
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X-ray diffractograms of bentonite from the Austin formation of
Dallas County, Texas, show the rock to be composed primarily of
montmorillonite with some quartz and minor amounts of illite. No
peaks indicative of cristobalite were noted. These analyses are similar
to ones run by the writers, of Wyoming bentonite which showed
quartz but no cristobalite. Thin-section studies of bentonite from
the Austin revealed biotite and calcite in minor quantities; however, Herrin (1957, p. 8) found that bentonite from Austin limestone was only 0.05 soluble in hydrochloric acid.
The writers wish to thank Mr. Tom E. Williams for his help in
locating two occurrences of the bentonite bed described in this report. This work was made possible by a research grant from the
Socony-Mobil Field Research Laboratory at Duncanville, Texas.
DESCRIPTION

OF

LITHOLOGY

The Austin formation is composed of detrital carbonate rocks
containing abundant fossil fragments and various amounts of argillaceous material. The most common clay mineral in the Austin
formation is illite (E. D. Glover, personal communication, 1960).
The character of weathered outcrops appears to depend on rather
small variations in the amount of argillaceous material. The rock
types range from marl ( about 60 percent calcite) to marly limestone (up to about 93 percent calcite). Following Herrin et al.
( 19 5 8) the percent carbonate determined volumetrically is used as
an index in this paper rather than the percent of insoluble material.
Patterns of variation in the argillaceous content may be employed
to correlate between outcrops provided the distances are only a few
miles ( Williams, 19 57b) ; however, such correlations require very
careful sampling and troublesome analyses. The results tend to be
ambiguous; therefore, detailed correlations over county-wide areas
would be very difficult using carbonate analysis as a primary tool.
The Austin formation is generally divided into three units in the
Dallas area. These units may be termed members. The upper and
lower Austin members are composed predominantly of thick-bedded, marly limestone, and the middle Austin member is composed
of more thinly-bedded marl and limy marl. These units are fairly
well defined, although marly beds are found in the upper and lower
members and relatively pure limestone beds occur in the middle
unit. Unfortunately, the contacts between these members are grada-
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Station 6 is on White Rock Creek about ¼ mile downstream from the
Preston Road bridge.
At Station 7 the bentonite outcrops along Bachman Creek on either
side of Northaven Road just east of Strait Lane.
At Station 8 the bentonite is exposed in a road-cut northeast of
Cedar Hill. This locality is reported in Williams ( 19 57).
The exposures at Station 9 are found 100 yards south of the road
between Shepton and Hebron on White Rock Creek.

The bentonite bed which outcrops at Stations 1 through 9 occurs
in the lower Austin member within 100 feet of the Austin-Eagle
Ford contact. This bed is 7 to 8 inches thick and is composed of
blue bentonite weathering gray to red-orange. The base of the bentonitc bed is sharply defined; however, there is generally a mixed
zone 1 to 3 inches thick at the top. Figure 2 shows measured sections at Station 3 (Ten Mile Creek) and Station 6 (White Rock
Creek). Rock names used in these measured sections are not based
on carbonate analyses but on field descriptions of the lithologies.
Williams ( 1957a, Sec. 42) describes a section of lower Austin
limestone north of Station 1, that contains the same bentonite bed.
Over 6 0 feet of section is exposed along Cedar Creek about 5 O yards
upstream from the Gulf, Colorado, and Santa Fe railroad bridge,
south of Clarendon Road near Marsalis Park Zoo.
ANALYTICAL

TECHNIQUES

Samples were taken from the strata a few feet above and below
the bentonite bed at Stations 1, 2, 3, 6, and 7. These samples were
analyzed for carbonate and montmorillonite
content. Carbonate
analysis was done by the method described in Herrin et al. ( 19 5 8).
The percent montmorillonite
in the insoluble residue was determined by the following method:
Several grams of the sample were reacted to completion with 0.2 normal
hydrochloric acid, and then washed, dried, and ground to approximately
200 mesh. Twenty milligrams of each dried and ground sample was dispersed in three milliliters of a 0.2 percent solution of sodium hexametaphosphate. The slurry was agitated with a glass rod to break up clay aggregates and left to stand for 24 hours. The clay slurry was again stirred,
drawn out with a pipette. and placed on a 1 inch by 1. 5 inch glass slide to
dry. The slide was sprayed with ethylene glycol and set aside for 3 0
minutes, after which it was placed on a Norelco X-Ray diffraction unit.
X-ray diffractograms were run from 2° to 20° using iron radiation and
the montmorillonite peaks were compared with the peaks of a pure bentonite sample to give a semi-quantitative indication of montmorillonite
content.
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The results of these analyses are presented in Figure 2. For each
station the percent carbonate is shown on the left side of the index
line and the percent montmorillonite in the insoluble residue is
shown on the right side of the line. Whereas the carbonate analysis
was determined accurately, the percent montmorillonite is a semiquantitative estimate.
Five check samples from various parts of the Austin formation
were subjected to the same analyses. Four of these samples showed
no detectable montmorillonite and one sample showed 8 percent
montmorillonite in the insoluble residue.
CONCLUSION

The thickness and character of the bentonite layer as well as the
character of the overlying and underlying limestone indicate that
we have traced a single bentonite bed over the length of Dallas
County. These stratigraphic correlations are further supported by
the analyses for carbonate content and percent montmorillonite in
the insoluble residue. As shown in Figure 2 there is a distinct buildup in the percent montmorillonite in limestone close to the bentonite bed. Samples drawn at random from the Austin formation
show very little, if any, detectable montmorillonite in the insoluble
residue. This particular bentonite marker provides a means for
establishing local correlations within the lower Austin member. It
is further suggested that clay analyses may be used to locate zones
of high montmorillonite content within the Austin formation. Because bentonite layers represent time-rock units, concentrations of
montmorillonite in the clay fraction of the Austin formation may
indicate proximity to the bentonite layer and thus show where a
time-rock unit may be found. Cores and well cuttings may be examined for montmorillonite content thereby yielding useful information for time correlations.
Williams ( 19 57b) shows in a measured section from the Cedar
Hill locality (Station 8) that the bentonite layer is 45 feet above
the Eagle Ford-Austin contact. Twenty miles to the north along
Bachman Creek south of Station 7 the thickness of strata between
the Austin-Eagle Ford contact and the bentonite layer is at least
75 feet. Thus the interval between the time line indicated by the
bentonite layer and the base of the Austin formation thickens to
the north.
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The writers are continuing to study this problem in the hope of
extending bentonite correlations north and south of Dallas County.
It is hoped that any geologists who have knowledge of bentonite
outcrops in the lower Austin particularly in the vicinity of Waco,
Texas, or Austin, Texas, will contact the writers. It is also hoped
that current research using the base exchange properties of clay
minerals will provide a rapid method for analyzing limestone for
montmorillonite content. Such methods may be useful in determining the proximity of bentonite beds in the subsurface and in surface mapping where outcrops are sparse.
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